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INTRODUCTION

This is the twenty-third monthly progress report to the National Aeronautlcs

and Space Administration (NASA) under Contract No. NAS I-i330. This report

covers the fabrication, testing, and delivery of Algol solid-rocket motors for the

,_o_'_ v(-;h:__]cdur',ng ApriJ i963. The program has undergone numerou_ redirec-

[ions since it was initiated; a summary of the program history is as follows:

November J961

January 1962

February 196Z

April 1962

June 196g

November I962

PROGRAM MILESTON_:S

Event

The Algol I phase of the program was established with the, re..

ceipt of a Letter of Intent covering 17 Algol I motors: 16 motors

for delivery and one motor for static firing.

Direction was received for the development of a new motor {de.

signeted Algol IIA) and a reduction of the number of motors for

the Algol I phase.

An amendment to the contract reduced the number of Algol I

motors to nine, The original Algol II phase consisted of (1)

the design, development, and testing of 14 Algol iIA motors,

10 motors for delivery and four motors for static firings; (2)

delivery of three Algol dual transporters; and (3) tooling for

processing four motors per month.

Contract negotiations were completed on the scope of work de.-

fined in January.

Contract Change Notification (CCN) No. I for the fabrication

and delivery of two borescopes was received.

A follow-on contract was negotiated for the delivery of 13

additional Algol IIA motors.

Direction was received to reduce the Algol IIA motor delivery

rate from four to two units per month, extending the delivery

schedule six months.
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i, Introduction (corot.)

December t96Z Authority was received to rehabilitate the Algol IIA-3 chamber

for an additional (fifth) static firing.

january J963 Direction was received for the fifth static firing to be cond,_cted

_s proposed with the A]goi IIA-3 rehabilitated charnber.

Aoril 19'33 Contract Change Notification No. 3 was received. This CCN

directed Aerojet to modify the igniter to include a £000-gm main

charge, and to qualify the modified igniter by testing two exist-

ing and four modified igniters° A modified igniter is also to be

used in a sixth static firing.

The Algol I phase of the program was completed "inMay 196!.

The schedule for the Algol IIA program (Figure I) shows a reduction in the

debvery rate for Algol IIA motors frorn four to two units per month in compliance

_ith the direction received in November 196Z.

A seventh static firing has been scheduled for 15 May. Motor IIA-iI and the

modlhed igniter with a Z000-gn_ main charge have been selected for this test.

If. S UMMAt2 Y

The sixth full-scale static firing was conducted on Z4 April 1963 and all tes¢

ebjectives were achieved. This is the first test in which jet .vanes were not used;

therefore, it is not necessary to correct the ballistic data obtained for the axial

h'npu!se loss due to the jet vanes. The total delivered impulse of motor Algol

lIA-18 was 4, 736, 314 Ibf-sec; action time was 67.9 sec; specific impulse was

ZZ3.2 ]bf-sec/ibm. The web burning time was 48. ! sec, and the web impulse was

4, 173, 35Z ]bf-sec.

As a result of the hangfire that occurred in the test of motor Algol IIA-3

(F,_.hab], an igniter-recovery program was conducted. The program consisted of

th,._ testing of both two existing igniters (1400-gin main charge) and four modified
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II, Summary (cont.)

igriters in a simulated free-volume chamber. A modified igniter was also used

in n_otor Algol IIA-18 during the sixth static firing. In addition to the igniter-

recovery program, a study was made to determine if the wax coating left on the

,_u,-iace of the grain after removal of the core has any effect or, ig_ition, I_ con-

junction with this study, propellant samples were taken from the grain su:faces of

motors Algol IIA-i3 and IIA-19 and were photographed and chen-dc._ll 7 analyzed te

determine wax-residue and ammonium-perchlorate (oxidizer) content.

The delivery of all motors and the processing of motors subsequent to motor

Algol IIA-20 were suspended, pending results of the igniter-recovery progran__.

Motor Algol I!A-13 has been sent to the Naval An_munition Depot (NAD), Concord,

California, for radiographic inspection. Algol IIA-19 will be shipped to NAD and

iiA-Z0 is in final assembly As requested by NASA, motors Algol iIA-Zf through

IIA-26 will be cast using wood cores with Styrofoam inserts to provide a grain

configuration similar to those tested and flown to date.

Motor IIA-I! is being returned from Wallops Island, Virginia _ for use in the

sever_th static test. The .objectives of this test are to determine the ignition

characteristics of motors cast using wooden cores with wooden inserts, and to

dete_,mine the integrity of the motor under static-test cond_.tions. The _notor

was one of a dual shipment exposed to an unknown temperature e.nvi_'onment (be-

!ieved to be below the current +50 ° limit).

Ill, PROGRAM STATUS

A. DESIGN

The basic development phase of the program was completed with the

fourth static firing. However, a hangfire occurred it:.this test (Algo! fIA-3 Rehab)
!

and by mu':ual agreement of NASA and Aerojet: the igniter was redesigned. The

_gniter nna__n charge was increased iron, Iz,00 to 2000 gm of Alclo pellets, and the
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".7 A, D,::igr, ' "..... , _COni.. )

igniter ch-_m.ber was extended i0 in. to enable the increased Joading. In addition,

four 0.750-in,..dia ports, 90 degrees apart, were drilled in the nozzle end of the

chamber; the ports are oriented so that each vents down a valley of the grai__.

-L -" -:_,_ - _,_ c:.:.o,_al views of the ir-odified igniters are _l:own ._n Figures 2 a:-_d 3,

An igniter-recovery program was conducted to qualify the modified

-gr._ter (iO00-.gm main charge). The program included two tests of the existing

:gn:ter {_400-gm main charge) and four tests of the modified igniter (2000_gm

ma_n ch_.rge) to obtain comparative performance data. The modified igniter was

also u_ed in motor IIA-18 for the sixth static fir:ing.

In additlon to the igniter recovery program, a study was made to de-

tnrm_r,e if wax left on the grain surface after removal of the core could inhibit

_.gn_tlon of the grain, In conjunction with this study, samples we!-e taken from

l"__c e_'arain surface, of two motors to determine both the wax content on the grain

st_rface and whether a fuel-rich grain surface results from use of a hard core.

An exact determination of how motor ignStion is affected by wax left

or: !he surface of the grain was not possible because of the complexity of the

a(t'aal ignition process. However, by assurn_;g an idealized process based on'

the _ne. rgy obl_ined from a 1400-gin main chlrgc :igniter through the first 0.075

-_ec after fireswitch (see Figure 4), it was determined that a wax thickness of

0.0016 ip.. or greater could prevent ignition.

Strips of propeJ]ant were removed from the bore surfaces of motors

.:I..%-13 and - i9 to determine how use of the hard core affects: the oxidizer ccn-

_e_:t of the propellant-grain surface. These samples, obtair_ed on fore and aft

per'._ons of the grain surface, were photographed and then physically and chem-

_<a']v ara_vzr_d for wax-,residue and amrnonium-perchlcrate c,_r,.tent.

4
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_iI, A, Design (cont.)

The results of the analyses show that the wax is distributed raf.don_ly

and in small patches whereas the ammonium-perchlorate particles are evenly dis-

tributed,and the quantitative analysis results agree with the propellant specifica-

tion.
-T mu.,_ng the motor chamber index hole as .,ere-degree reference, san:.-

o_es of bore-surface propellant were removed from zhe aft end of :;he grain bore

"::7.strips approximately 0. 5-in. -wide and 6-in.-]ong. -["he strip was started i I ,,n.

irom the aft surface arm terminated 5 in. from the aft surface. Ferward samples

u_¢_re removed approximately 6 in. aft of the igniter sleeve. Two samples were

taken :_teach position from motor IIA-i3, and single samples were ren'_oved from

meter I]A-19. All strips were dry-cut with a 0. 5-in. -stirrup critter. One-

po:_ition samples only v-ere removed from the forward end of the grain because of

the difficulty in reaching this area.

The propeJlant strips from motors IIA-!3 and IIA~I9 were examined by

u_I:ravieiet fluorescence. Small specks were four_d at 90, 135, and 315 degrees on

_arnples 6, 7, and 15 removed from motor IIA-13. Samples 8 and i0 had areas of

=pproximately 0.25-in.-dia at 135 and 180 degree.s. No wax was found on the

_,:_rnpLes from motor IIA-19.

The ammonium-perchlorate samples were burned in a peroxide bomb,

2old-washed, and t:trated wlth silver nitrate. The accuracy of this test is approx-

n';_; Resu}ts of the tests expressed as % NH 4 CIO1 are:

Aft

Peslti'fm, degrees Sample No. Motor IIA-13 Motor IIA- 19

O l 57 59

g 53

45 l 57 59

2 59

90 I 58 69

Z 56

i35 I 57 56

Z 57

ISO l 58 61

2 57
2Z5 I 5q 58 "

Z 6O
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lL{.7,A, Dc sign (cont.)

A ft

Position, d e_._e e.___s

Z70

315

.F 0 Y_v.,_r d

Pc _-.t._o:_, d.f:grees

Sample No. Motor IIA- i 3 Motor IIA- 19

1 54 60

Z 60

1 59 58

Z 59

'80 1 59 5g

Z 60

Photographs of each sample taken at iX, iOX, and 50X magnification

_re shown in Figures 5 and 6, Although this study revealed no major discrepancy

L}-_t we:rid affect ignitors, the investigation w:ill be contit)ued.

B. FABRICATION

The remaining 15 chambers in the follow-on order have been fabricated.

Two of these will be used as manufacturing spares. Fourteen insulated chambers,

i_,c!ud'mg the rehabilitated Algol IIA-3 chamber, have been received. Since the

..a_u]atlon of the rehabilitated chamber for Algol IIA-3 (Rahab) is not inoluded in

th,_ contrac% avai!:_ble funds enable insulating only lwo of the remaining three

ci_._.rnb<r_, ]'he rernain:ng five r_ozz!es are being fabric._t_d, and the first nozzle

..v sr.b.,:duled for delivery the last week of May.

C. MOTOR PROCESSING AND SHIPPING

Processing of Algol IIA motors wa,_ cha_ged by NASA directive, TWX

337-.338 from S. T. Butler to C. H. Parr, dated 30August 1962. This directive

reqaires either a radiographic or borescopic inspection of ,all deliverable motors;

Motors I!A-4 through --9 were processed with Styrofoam star points imbedded in

the grain. These in_.erts were originally used to change the configuration of the

tvmperary wood cores. Because adequate release agents are unavailable, these

i,-serts are not released from the propellant but rema_n in the motor. Th e
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i[!, C, Motor Processing and Shipping (cont.)

presence of the Styrofoam in the grain bore physically prevents the use of a

hore scope for inspecting the motor interior. After several attempts, the Styro-

,oam was mechanically removed from motors IIA-6 and -7. Motor IIA-7 was

%:-_ressopical]v inspected in conjunction with the borescope training program con-

c_uc_s by A_.ro]e;-General for NASA personnel.

Wooden, instead of Styrofoam, inserts were successfully used in

:no_or_ ][A-10, -_i, -IS, and -i3. An aluminum hard core was used in casting

:nuTor_ JL%-i4 through _20. The following is a summary of the status of motors

HA..13 and IIA- t6 through -20.

},4otor SI atu_

]iA-, [3 Sh_pped to NAD

IIA- 16 To be delivered

].]A-17 Delivered to PMR

F[A ,!8 To be statically

tested

!.LA - 19 To be delivered

]_A-2O In final assennbly

D. TOOLING

Grain Status

Wood core, removed

Aluminum hard core,
removed

Ins pe:ction Stalu_

To be radiograph_caliy

inspected at NAD

Radiographi caily in-

spe.cted at NAD

Radiographicatly in -

spected at NAD

R,{diographica!ly in-

spected at NAD

To be radiographically

inspected at NAD

To be radiographicaily

inspected at NAD

The tooling schedule is shown in Figure 7. Two sets of chocks for

tora.ga of A1go] lI motors were fabricated during the report period. Per NASA

chrectree, the soft cores with Styrofoam fillets are being readied for use.

7



Report 0498-01M-23

._'-. T ES TING

A. ALGOL IIA- i8

1. Objectives

Ai_ol ;IA-i8 was succes;sfuily fired 24 Apvi.i 'J96_, _ at oac_'"-ran-_ento.

i,,i_.o_ ob_c,:at;vc,,_ of the ':est de, s;igt;ated AS-DA-08S..TH, were. to:

a, Qualify the modified igmter cor_tainil_g a_.. increased rnafn

c:-e, rge.

b. Determine ignitibility of propellant, cast with the aluminum

:-_.rd core:usi_,g the modified igniter.

c. Obtain pure ballistic data durit_g the test of an A!go] iIA

YF_ Ot O J",

d. Confirm ballistic performance for an Algol IlA tnotor con-

d:tioaed to +50°F,

All test objectives were achieved.

2, Motor BalIistic Perfortrlance

The pre .... ur ,- and thrusters-time curves for l,his firing are

::',:._nt_d :_n Figure 8, A summary of motor cbaracterisfic's a_d performar_ce data

g,x'c'-_ in Fig_Jre 9.

"_ tc_h _ overall motor igP_ition time was reduced f_om tbal of the

p-:,-, ic_':_ motor tesI:ed, motor IIA-3 (Rehab). The ignition ;_r:terva] /or mot, or

7,a._i8 _,,a,- 100 millise¢ c:ompared to the 3.7-sec h_ngfi.re of motor IIA-3 (Rehab).

,.,._ _.gv,_tion transier)t curve _s shown i:n Figure 10. Peak chamber pressure was

605 psia 0.234. sec after fireswitch and decreased to 550 psia after 1.015 sec.

The total delivered impulse was 4, 726, 314 ]bf-sec over an action

t:rne of bY.9 >ec v_itb a specif:.c impulse of 223.2 lbf_-sec/Ibm. Theweb burnir_g

t___t¢ wa;_ 4;3. t _ec, and fee web impulse was 4, 185, i63 Ibf.-sec. These values



Report C498-01M-23

_V, A, Aigot tiA-18 (coz_t,)

._.reconsistent with those previously reported and substantiate the conservative

_mp_:ise data in reports of previous motor firings, ]inthese reports, a correction

was made for the drag imposed by the actuation of the jet. vanes,

The n_otor was conditioned to +50 °F for five days prior to the

flr:ng ar.d was removed from the conditioning cell on the morning of the test.

Because it was originally intended for delivery, no thermocouples Were instailed

,n the grain of this motor, and grain temperature was not monitored after the

_-_c._.or\,_:._removed fz_om the conditioning cell. However, the temperature

d:fferential "._as insufficient to have caused a significant change :n the grain

:.emperat_are (from the, conditioning temperature.)

3. Motor Components

All motor components of motor iIA- 18 were of the flight con-

figuration and performed satisfactorily. The nozzle (SN 633058) was me

_econd to be statically tested from the second-source vendor, Cincinnati Testing

,Laboratories. The igniter (SN 54-31) was the first of the modified configuration

to be used in a full-scale test.

a, Nozzle

Postfiring inspection of the nozzle showed that exlt-

cone eroston was uniform and that the, fto\v pattern had been sim'_lar to those of

_}:e pr,ev_on_ five development tests. This nozzle will be sectioned to obtain char

,_epths; _hese values, when compared with data obtained from previous firings,

_v'ii: show wi_ether quenching immediately after tailoff significantly reduces

cLarring of both the exit cone and the entrance cap portion of the nozzle.

E2rosion of the graphite throat was m:iform. The

_nroat area sl-;owed an increase of on!y 4. 13%, somewhat less than that w!_ich
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IV, A, Algol IIA-]8 (cont.)

ccc.2rred on other test motors. A circumferential crack, sin-,ilar to those

found in previous nozzles tested, was found 4 in. from the aft edge ,:}f the graphite

throat insert. The crack was clean, indicating that cracking occurred during

quenching. As in previous nozzles, the crack propagated from the point where the

af'. edge of ti2e st_.el c_osure and asbestos overwrap et_ds. Erosion of the nozzle

e",trance section was similar to that of previous _ozzles. Prefiring and postfiring

weights of the nozzle wet-e 435 and 383 ]b, respectively.

b. Insulated Chamber

The chamber (SN 699041) used for the test was the same

f]ight-weight configuration as those of motors IIA-2, -3, -2 (Rehab}, and -3 (Rehab).

P,'_stfi_:ing examination revealed th,'_t the insulation maintained its its integrity through-

out the firing.

c. Igniter

The igniter used in this test was of the modified con

figuration with the increased main charge (2000 gmvs 1400 gin) and additional

porting. Prefiring and postfiring weights were 30 and 14.2 lb, respectively.

Alti_o_ig!_ the ignition interval was similar to that of other acceptable firings, the

d__ta showed _hat motor IIA-18 reached full pressure much faster titan did

previous motors. ]_he following tabulation compares ignition characteristics of

lr_ot,-_rs of {:he final grain configuration that have been fired. Motor ilA-3 (Rehab)

was not included in this tabulation because of the hangfire.

ig, a::er Ignition Peak Chamber Time to Time to 105 ps_.a
Mrs-:- _'.dj2:'2 (_-_}_?_[ge_.:),.a.e,t__ Core Delay, millfsec Dressure, ps:-_ Peal-, sec (90% av Pc, see]

IiA-. !400 S*y_'ofoam 40 577 t).777 O. 165
Ins e rts

I1A-z :400 St*,'r_}f_,am 55 61 _ 0.825 0. | _2
( "_chaK_ Inserts

II \-It '2000 Alqrninurn _00 605 0. 254 0. 151
Core

l0
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"V A A]gel ]]A-18 (cont.)

Ignition delay is defined as the time interval from the

app!Icat_on of elec(rical contact to the time at which a t_ngent extended along

the ascending portion of the chamber pressure trace intercepts the time scale.

b. iGNITERS

The _.gc..._ter-rc:covery program included the testing ef both two igniters

,.":tt-, 1400-gin main charges and four modified igniters with 2000-gin main charger,.

Yhese tgn:ters were tested in an instrumented free-volume test chamber. Pro-

'"_._or,_ we. r_a made to monitor ignition energy and chamber pressure at fotir

st:._.t;ons along the chamber, 7. 5, 12.5, 17.5 and 22. 5 ft downstream of the

)gr_,_ter. Igniter pressure was monitored in the tests of the modified igniter, bat

was no: monitored in the first two tests because tho flight-design adapters used

for these tests had only one pressure tap. Chamber pressurr, at each station

was monilored with a Taber pressure transducer; ignition energy was monitored

..,,il.h a chromel-alumel thermocouple located in a gold button calorimeter, A

:abutaIJon of data from these tests is show.'rJ in Figures l! through 17.

The iuner diameter of the free-voiurne chamber is 15.Z5 in, and

_i_,_ ei:,_ll'_, is 370. 75 ino, with a corresponding volume of 67, 775 cu in. This

:han-tb_:r c]c._ely s,n-_ula_es the free volume of the Litt1.,.: joe II _otor (68, 25C, cu

",_. ): ard, although the free volume of the Algol I]A motor i-_ on)y 41, S00 cu

:_:. :t was sric. cted because of Its immediate availabil:ty, This difference in

'_cee vo]ulT_e shoctld be cons:dered when the calorimetry data are revi(_wed.

P_,'f:sscre.vs-t3n-,e curves for a typical igniter of each configuration are shown

i,--, Fig-re 18 and tg.

V. FUYURE WORK

Proc.#_s]ng of motors for delivery will be started again and motors

]tA Z! through . 26 wilt be cast, using wooden cores w;th Styrofoam'inserts.
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'i

V, Future Work (cont.)

Algol IIZ-11 is scheduled to be statically fired at +50°F o_ or before

i _, May 1963. This will be a straight ballistic firing with no jet _'anes installed.

12.
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Pr.opellant Samp_[es From Motor !IA--13
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Propellant Sample From Motor _IA-19
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General l-]otor Cl_,aracteristics

Loadea motor weight, ibm

Propellant, weight, ibm

Total inert parts weight, l_m

Expended motor _eight, ibm

Nozzle weight, ibm

Chamber we, ight_ ILml

Insulation weight,, ibm

Liner weight, ibm

Igniter weight, l_m

Weight loss, ]._a

igniter charge weight, ibm

Characte;istics velocity (C*), ft/aec

Cw (total burning time)., ibm/Ibf-sec

Web thickness, in.

Nozzle exit cone half angle, degrees

Malimum thrust r_is_]_ignment (calculated), degrees

Motor overa].l length, in.

C_%mber dia., in.

Operating temperature l_i_its, °F

Storage temperature limits, °F

Initial throat area, sq in.

Final throat area, sq in.

Throat area increase,

25,6S9

21,176

2483

Not Available

455

1641

544

40

50

Not Available

4.5

5129

O. 00629

9.757

17

O. ZOO8

,557.6

40.0

+70 to +90

+70 to +90

iiI. Ol 5

115.5_9

4.13

Motor I!A-18 Data
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Oen,:.r_l Motor c_,aracterist!_ _ (e'_mt)

Initial exit area, sq in.

FJmal exit area, sq in.

Nozzle expansion ratio

Propellant _mss fraction

Port to throat ratio

Initial bum%ing surface area, sq in.

Free volume, cubic in.

Grain confiumr_tion

Motor Ballistic Characteristics

Average thrust (web), ibf

Average thrust (total), Ibf

Maxim.tun thrust, Ibf at 47. 277 sec

Impulse (web), ibf-sec

ilapulse (total), ]bf-see

/ ISpecific Impulse <total), Ibf-.sec/l[_n

Average pressure (v;eb), psia

Ave age Dressure (5otal), psia

_.i_¢F_.umpressure, psia at 0.234 sec

Grain t_,mperature, °F

Ignition delay, sec

Ic_itiorJ interv_l, sec

Burning rate, in,/'sec

_ieb burning time, see

Total burning time, sec

elO 192

810. 545

7. _0

O.895

1.48

24, 8,9C

41,800

4 point star

8?, 016

6_.;,607

99, _55

4,155,165

4,726, S14

225.2

540

458

505.6

.lO0

O. 202

49. lOC

67. 900

Motor IIA-18 Data

Figure 9, Sheet 2 of 3
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?,[otor Ballistic Characteristics (eont)

Weight flow rate, Ibm/see

Cf (total burning time)

Lv_pu].se to weight ratio, ibf-sec/ibm

Center of gravity loaded (measured) inches aft of

fo_-_ard thz_/sb flange

Center of gravity expended (measured) inches aft of

fol_ard thrust flange

$Ii. 95

1.40

2OO

156.89

Not Available

Motor IIA-. |8 Data

F__u_. 9, Sheet 3 of 3
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